The Butia sp. are native South America trees, whose fruits are consumed in natura and have significant biological properties; however, trees of this genus plant are in danger of extinction. A systematic review of the literature and a technological overview were carried out to summarize the available evidence on the therapeutic uses and the phytochemical compounds of Butia sp. The following electronic databases were researched: MedLine (PubMed), Web of Science, Scopus, Scielo, and the gray literature. Furthermore, the online system such as the US Patent and Trademark Office, Espacenet, National Institute of Industrial Property, and Google Patents were accessed to obtain patent data. The inclusion criteria were articles that describe either the therapeutic uses of Butia sp. (antimicrobial activity, antioxidant activity, anti-inflammatory activity, antineoplastic activity) or studies describing phytochemical compounds of Butia sp. A limited amount of manual search was also undertaken. Reference lists were scanned to identify other relevant studies, and requests for unpublished data were conducted to people working in the field. Among 12 papers and 14 patents, 9 complete texts of scientific articles and 1 patent were scrutinised by two reviewers. We concluded that Butia has shown some antioxidant, anti-inflammatory, and antimicrobial activity, and its use could have important implications for future therapeutic uses. Although there is evidence of pharmacological potential from in vitro studies, clinical studies must be conducted to confirm the effectiveness of Butia sp. The evidence of its therapeutic uses has not been extensively studied yet, and the available evidence still needs further confirmation.
INTRODUCTION
Arecaceae, known as Palmae family, lies among the largest families of plants in the world in terms of number of species and in abundance. There is between 2500 and 3500 species. Its fruits are attractive due to their organoleptic characteristics as well as its nutritional and functional use. These plants have economic uses, and also, some biological activities such as tonic, diuretic, leprosy treatment, asthma, bronchitis, fatigue, tuberculosis, abdominal pain, fever, and vomiting (Ammar et al., 2014; Büttow et al., 2009; Hoffmann et al., 2014) .
The genus Butia is native from South America, which has about 18 different species prevalent in areas of southern Brazil, eastern Paraguay, northeastern Argentina, and in the northwest and southeast of Uruguay (Büttow et al., 2009; Hoffmann et al., 2014) . This palm plant occurs in areas of cerrado (the Brazilian savannah) or sandy soils, such as dunes and salt marshes. It offers fruits of smooth and fibrous epicarp, fleshy and fibrous mesocarp, and dark brown woody endocarp with one to two locules and one to two seeds (Faria et al., 2008) . Their fruits are known as Butia or coquinho azedo, being edible and popularly used for the preparation of jelly, juices, ice cream, and liquor, and their leaves are used in handicrafts (Büttow et al., 2009; Peralta et al., 2013; Pereira et al., 2013; Aguiar et al., 2014; Ammar et al., 2014) .
The fruits of Butia are rich in carotenoids, phenolic compounds, fatty acids, ascorbic acid, and minerals (Aguiar et al., 2014) . They are considered a source of unsaturated fatty acids, especially suitable for fresh consumption without any drastic heat treatment (Lopes et al., 2012) . The volatile compounds can vary depending on the stage of their ripeness, as well as the conditions and the storage period, and their postharvest can also influence the chemical composition of the compounds. The chemical characterization of the fruit and the quantitation of their volatile components are important to understand its nutritional value during the maturation process because some organic acids can be a precursor to the synthesis of esters (Aguiar et al., 2014) . The importance of bioactive compounds derived from this diet has been established as to help overcome such deficiencies by promoting protection, prevention, or reduction of the effects caused by oxidative stress ).
Hoffmann's study was an overview that compiled general articles of Butia and focused mostly in the agronomic aspects of this genus plant (Hoffmann et al., 2014) . Our article is the first one to systematically review the literature of Butia based on a technological monitoring process and a systematic review.
MATERIALS AND METHODS
Protocol and registration. The study followed the PRISMA statement recommendations for the report of this systematic review.
Information of sources and search. The literature research was carried out by two independent reviewers (LS and DC) until December 2015. The following seven databases were screened: The MedLine (PubMed), The Web of Science, The Scopus, The Scielo, and The Scfinder. No restrictions were placed on the dates or languages of the publication. The gray literature was explored by using the database Google Scholar and The Portal Periodicos of Capes. Moreover, the online system of the US Patent and Trademark Office, Google Patents, the National Institute of Industrial Property, and the Espacenet Patent Search was accessed to recover patent documents related to Butia. A limited amount of manual search was undertaken. Also, reference lists were scanned to identify other relevant studies, and requests for unpublished data were conducted to people working in the field.
The search strategies defined for the databases described in the preceding texts are listed in Table 1 . The search strategy was appropriately modified for each database and performed by two reviewers (L.S. and D. C.) in order to identify eligible studies, and then, being checked by a third one in case of any divergences about some of the screened articles carried out by the two reviewers.
Full-text versions of the papers that appeared to meet the inclusion criteria were retrieved for further assessment and data extraction.
The study selection and the data collection process. Initially, the articles were selected by title and abstracts according to the previously described search strategy (Fig. 1) . Articles which appeared in more than one database were considered only once. Full reports were also obtained when there was insufficient information in the title and the abstract in order to make a clear decision. Subsequently, full-text articles were acquired, and the two reviewers (L.S. and D.C.) classified the ones which met the inclusion criteria. Search in patent: Patent search was also done by using the International Patent Classification with the following codes: #A61P 29/00 (anti-inflammatory), #A61P 31/00 (anti-infectives, antibiotics, antiseptics, chemotherapeutics), #A61P 31/10 (antimycotic), #A61P 31/02 (antibacterial agent), #A61P 31/02 (antiseptic), #A61P 35/00 (antineoplasic), and #A61K 8/97 (vegetable origin).
Characteristics of the included articles. The characteristics of the included article were chosen through all the studies that described the therapeutic uses of Butia sp. Therefore, the antimicrobial activity, the antioxidant activity, the anti-inflammatory activity, and the antineoplastic activity presented phytochemical compounds in the study (Table 2) .
RESULTS

Study selection
After researching in the databases such as the PubMed (3), Scielo (0), Scifinder (15), the Web of Science (7), and Scopus (7), and the removal of duplicates, 12 studies were identified. After reading these titles and the abstracts, nine items were selected, and when the complete reading of the studies was finished, there was the selection of the articles which presented four complete texts from these studies, which were then evaluated to verify if they were eligible.
In the patent database, the search strategy initially retrieved 27 patents and 12 were excluded after reading the title and the abstract (Fig. 1 ) because they were not related to the therapeutic use of butia. From two of the remaining patents, one was excluded; therefore, a total of one patent was included in the analysis.
From all the studies included, only one was in vivo (an animal experimentation). That article was an in vivo and in vitro study. Another point is that 75% of the studies included were from Brazil, and three of them were about antioxidant activity, one about antimicrobial activity, and one about anti-inflamatory activity. Regarding the patents, only one patent about antineoplasic activity of this fruit was selected.
Characteristics of the excluded articles
The characteristics of the studies which were excluded are as follows: the risk of bias, multiple publications, literature reviews, theses, processed products, and studies with some deficiency of data.
DISCUSSION
The phytochemical compounds
The bioactive constituents in various parts of Butia sp. are presented in Table 3 . The existing compounds in the Butia eriosphata fruit were gallic acid derivatives, protocatechuic acid derivatives, caffeic acid derivatives, chlorogenic acid derivatives, isoquercitrin, quercetin derivatives, hyperoside, and rutin (Denardin et al., 2015) . Peralta et al. (2013) evaluated the oil of Butia capitata, which indicated a composition of 24% of unsaturated fatty acids and 76% of saturated fatty acids. In the fruits, Table 1 . Electronic database and search strategy
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phenolic compounds, carotenoids, unsaturated fatty acids, and the presence of linoleic acid, which was considered essential in food , were reported. The results found in the B. capitata leaves identified volatile constituents; moreover, the major compounds recognized were decanol (28.69%). Furthermore, oxygenated compounds (64.58%), nonoxygenated compounds (35.41%), monoterpenes, sesquiterpenes, and monoterpene esters were identified (Ammar et al., 2014) (Table 4) .
The therapeutic uses
Antimicrobial activity: Peralta et al. (2013) investigated and compared the antimicrobial effect of an experimental self-adhesive resin that contained oil derived from B. capitata seeds rather than the commercial self-etching adhesives, since having been claimed to possess antimicrobial component in its formulation. This study evaluated the antimicrobial activity in a microcosm biofilm model, and physical and mechanical tests of the final product were also reported. The antimicrobial effect of the experimental B. capitata oil adhesive was similar to the bacterial effect from commercial adhesives. The antimicrobial effect of the butia oil might be explained by the presence of fatty acids such as lauric acid, oleic acid, linoleic acid, and palmitoleic. Lauric acid is the most active of the saturated fatty acids present in the oil B. capitata, and the palmitoleic acid is the most unsaturated fatty acid.
Anti-inflamatory activity: Ammar et al. (2014) evaluated the anti-inflammatory activity of the butia leaves. The carrageenan type IV was used for induction in rats with acute inflammation. Polar and non-polar extracts of B. capitata were used for their anti-inflammatory activity. The inflammation model used in rats was the hind paw edema method. The results showed that both polar and non-polar extracts possess significant antiinflammatory activity at all different monitored times of the test at which the maximum effect was 51 and 41%, respectively, after 4 h from the carrageenan injection.
The polar extract of the anti-inflammatory activity can be attributed to the presence of flavonoids in the extract, and this was detected from the phytochemical part. It was reported that most flavonoids which showed antioxidant activity also presented anti-inflammatory activity. The non-polar extract leaf also showed anti-inflammatory activity. The phytochemical analysis of this plant revealed the presence of β-sitosterol and β-amyrin which has been reported as possessing antiinflammatory activity by blocking the inflammatory enzyme and modifying the shape of the prostaglandin pathway. It was also shown that β-sitosterol, the myeloperoxidase and adenosine desaminase activity, or IL-1β, and the level of tumor necrosis factor alpha reduce inflammation. Triterpene such as β-amyrin was reported to inhibit inflammation by activating cannabinoid receptors and inhibiting the production of cytokines along with the expression of the nuclear factor and cyclooxygenase 2. The alpha-tocopherol showed lower anti-inflammatory activity than the tocotrienolrich fraction, but it still has an anti-inflammatory effect. The anti-inflammatory activity of α-tocopherol has been
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The self-eatching adhesive oil was an antimicrobial activity similar to the one of a commercial adesive. reported. Both sterol and α-tocopherol may have an effect of synergism as anti-inflammatory in the non-polar extract leaves of B. capitata (Ammar et al., 2014) .
Antioxidant: Many studies have reported antioxidants in plants, and the most important ones are the tocopherols, ascorbate, thiols, β-carotene, and phenolic compounds such as flavonoids, lignans, and chromones (Ammar et al., 2014) . Polyphenols are important because they protect the body from oxidative stress, and scientific evidence indicates that oxidative stress is associated with neurodegenerative diseases related to age (Denardin et al., 2015) .
Polyphenols have high antioxidant activity in vitro; therefore, it can remove reactive oxygen species, nitrogen, chlorine, superoxide anion, hydroxyl radical, radical peroxyl, hypochlorous acid, and peroxynitrous. Furthermore, they take away chelate metal ion that has pro-oxidant activity (Denardin et al., 2015) . Polyphenol antioxidant activity occurs by different mechanisms. The most important one is the scavenging free radicals, which depends on the structure of the compound involved, and they are different because of the number and position of hydroxyl groups in the molecule. These facts may explain a higher antioxidant activity observed in the fruits with red and purple pulp, (Cadamuro & Cadamuro, 2005) . Table 4 . Phytochemical compounds .
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Nut oil (Peralta et al., 2013) and fruits (Lopes et al., 2012) Fatty acid Caprylic Peralta et al. which also presented a higher content of phenolic compounds and the predominance of flavonoids and anthocyanins such as cyanidin and quercetin derivatives (Denardin et al., 2015) . Sterols are compounds that can have antioxidant activity and that is the reason for acting as hydrogen donor (Ammar et al., 2014) . Tocopherols are effective antioxidant because they have free phenolic hydroxyl groups. In their study, Ammar et al. (2014) reported the presence of α-tocopherol in non-polar extracts carried out in this study, which is the responsible for the antioxidant activity (Ammar et al., 2014) . Denardin et al. (2015) evaluated the antioxidant activity of various extracts from araçá, pitanga (red, purple, and orange), B. eriosphata, and blackberry (xavante and cherokee) in which the butia had the lowest value of ferric-reducing antioxidant power (FRAP) compared with araçá, pitanga (red, purple, and orange), and blackberry (xavante and cherokee). The correlation between bioactive compounds and antioxidant activity of the extracts suggests that phenolic compounds are mostly responsible for the antioxidant activity in DPPH and FRAP assays. In addition, it was observed that Butia one had the highest vitamin C compound, although its antioxidant activity in DPPH and FRAP assays was lower indicating that the ascorbic acid is not related to antioxidant activity (Denardin et al., 2015) . Ammar et al. (2014) evaluated the antioxidant activity of different extracts of B. capitata leaves, and the DL-α-tocopherol method was used. The extracts obtained were petroleum ether, ether, chloroform, methanol, and aqueous methanol extracts 50%. The results showed potent antioxidant activity, both in the leaf extracts of methanol and petroleum ether (78.85 and 71.33%, respectively). The aqueous methanol solution 50% and ether leaf extracts also showed a moderate antioxidant activity (62.24%), while the methanol extract showed an activity of 48.25%. In the present study, the antioxidant activity polar extract of B. capitata leaves can be attributed to the presence of flavonoids, tricin, the 7-rutinoside, isorhamnetin 3-O-rutinoside, kaempferol 3-O-rutinoside, rutin, 7-O-glucoside, luteolin, and apigenin, which were isolated and identified by chromatography (Ammar et al., 2014) .
The antioxidant activity of petroleum ether should occur in the presence of sterols such as β-sitosterol, campesterol, oil-soluble vitamin, and α-tocopherol, all of which identified by chromatographic analysis (Ammar et al., 2014) . Pereira et al. (2013) evaluated the pulp of B. capitata and analyzed the antioxidant activity, and the methodology used was the DPPH and the ABTS. They compared two fruits, Rollinia sylvitica (araticu-do-mato) and Cereus hildmannianus (mandaracatu de três-quinas) using the ABTS method. The Butia fruit showed higher values, representing 6.74 times the value obtained from araticu-do-mato and 1.32 times the value obtained from mandacaru de três-quinas. However, the DPPH assay values obtained from Butia and mandacaru de três-quinas were considered statistically equal and average, registering four times the value found in araticudo-mato .
Ascorbic acid. The ascorbic acid is biologically active in its biologic form of vitamin C and is commonly found and distributed mainly in citrus fruits and vegetable leaves (Denardin et al., 2015) . According to Denardin et al. (2015) , the Butia showed the highest concentration of ascorbic acid compared with araçá and pitanga (red, purple, and orange), blackberry (xavante and cherokee); thus, this concentration was higher, nearly 73 times (Denardin et al., 2015) . Denardin et al. (2015) found a negative correlation between total phenolic compound and ascorbic acid, suggesting lower ascorbic acid compound, and higher total phenolic compound on these fruits studied.
Total phenolics. Phenolic compounds are considered secondary metabolism products in plants; therefore, it is a large complex group because these molecules are essential for the growth and reproduction of the plant. These compounds are produced in the plant despite the conditions of stress, injury, infection, and radiation. The phenolic composition is determined by genetic and environmental factors, but it can be modified by oxidative reactions during storage and/or processing. They are responsible for the color, adstringency, and flavor. According to Denardin et al. (2015) , compounds derived from gallic acid, derivatives of protocatechuic acid, derivatives of caffeic acid derived from chlorogenic acid, isoquercitrin, derivatives of quercetin, hyperoside, and rutin have been found in butia extracts (Denardin et al., 2015; Vinayagam et al., 2016) .
Compared with araçá, red pitanga, and orange pitanga, B. eriosphata had lower concentration of phenolic compounds, but high concentration when compared with the xavante and cherokee blackberry (Denardin et al., 2015) . Pereira et al. (2013) evaluated the total concentration of phenolic compounds by using the B. capitata pulp, after being homogenized with methanol and compared with the other two fruits (araticum-do-mato and madacaru de três-quinas). The total phenolic compounds found in the mandacaru de três-quinas showed a significant higher amount, which corresponded twice the value that was found in the araticum-do-mato and butia fruits, being the last two considered statistically equal .
Carotenoids. According to Pereira et al. (2013) , Butia has higher carotenoid levels compared with the other tested fruits, because the total content of carotenoids found in fruits of pindo palm corresponded to 82.85 and 44.68 times of the value found in araticum-do-mato and mandacaru de três-quinas, respectively .
The carotenoids are important compounds because they are related to several benefits for the health, and their major ones are associated with lutein. This evidence reduces the risk of developing macular degeneration at an old age and also presents protective effects against atherosclerosis, diabetes, osteoporosis, cardiovascular diseases, cataracts, cancer, damage of UV radiation, and other diseases. The butia results showed much higher amount of lutein when compared with the other two fruits, and β-carotene is considered the carotenoid with the highest vitamin potential with an activity of 100%. This activity presented a higher value when compared with other two fruits; thus, β-carotene is the most efficient in scavenging free radicals after lycopene, which acts in the prevention of chronic degenerative diseases such as heart disease and cancer (Pereira et al.,
Patents
By means of this review, it was possible to obtain a scientific and technological overview in the field of Butia sp. uses. Regarding the technological protection of Butia sp., only one patent was found using the Butia sp. in therapeutic uses. This patent with therapeutic use of butia was a drink used for the treatment of hyperplasia and prostate cancer. The product is done in adjunct for the treatment and prevention of prostate inflammation in the benign process rather than the malign process. The product is formulated with alcohol, B. eriosphata, and Milome liana, and 600 mL of alcohol, 120 g of Butia seeds, and 172 g of Milome are used in its formula. Afterwards, a mix of alcohol and butia seeds are stored for 1 year, and later on added the milome for a period of around 90 days. This drink is administered by consuming it 30 mL before meals, and it reduces the side effects of ordinary therapies.
Limitations of the selected studies and future perspectives
In this review, only four scientific articles were included, and they are predominantly in vitro studies. Most of them are about antioxidant activity, and they used the crude extracts or oil from nuts, fruits, and leaves from Butia species. The lack of scientific articles about the therapeutic use of this species can be attributed to the fact that this is a native plant from some South American countries and also because some of the Butia species are becoming extinct.
In vitro studies provide us with the platform to create, compare, and check the pharmacological potential of vegetable extracts from medicinal plants prior to their clinical application as therapeutic agents. Laboratorial research is an integral part of clinical decision-making as this helps the clinician to understand the pharmacological properties of vegetable extracts and medicinal plants.
Additionally, in vitro studies thereby form the major proportion of research that is carried out and published in phytotherapy research (Houghton et al., 2007) . It is needless to say that the relevance of in vitro studies cannot be over-emphasized. Moreover, they form a pivotal role in phytotherapy research contribution to a substantial evidence base.
Furthermore, significant advances have been made over the last decades to improve the resolution and sensitivity of analytical chemistry methods for the study of small molecules in natural extracts. Despite these efforts, very serious issues, such as the frequent rediscovery of known compounds after time-consuming purification and identification steps, the redundant investigation of taxonomically ambiguous microbial strains, or the investigation of irrelevant crude materials regarding a selected biological application, still result in a considerable waste of time. Consequently, many pharmaceutical companies have considerably slowed down or even terminated their natural product research activities. Nevertheless, the search for novel chemical structures within natural resources continues to be a crucial strategy for the discovery of novel biologically active substances (Hubert et al., 2017) .
This systematic review showed that the reporting standards from in vitro studies of Butia sp. are little and not uniform, thus resulting in lacunae in evidence reported. It is very important for phytotherapy researchers to realize the strengths and weaknesses of in vitro tests (Houghton et al., 2007) . In this context, there is an absence in studies of animal models and clinical trials to adequately represent human disease and prove the therapeutic uses of Butia species.
CONCLUSION
Currently, there are a few studies about the therapeutic effect of butia; nevertheless, it is believed that butia has some effect in many diseases. Butia sp. is the plant which showed high therapeutic uses, and the studies presented anti-inflammatory, antioxidant, antimicrobial, and antineoplasic activities. According to these studies, all parts of the plant have a therapeutic effect regarding the pulp, seeds, and leaves. However, further studies are necessary to understand better their therapeutic uses, including clinical trials. It is also important to investigate the phytochemical compounds responsible for the therapeutic effects.
